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FORWORD

This report raises the possibility g truly significant Improvements

In the supersonic combat range of chemically fueled, aerodynamically

supported aircraft or missiles. These untial improvements vould

ensue from the very high supersonic lifr,-frag ratios of ring-body conif-

gurations. Such lift-drag ratios vould be achieved through vhat Is

termed 'drag transformation and reduction,' an effective marriage of the

techniques of thickness-drag cancellation, l7ainarlied supersonic boundary

layer, and reduction of drag-due-to-lift,

Experimental research at an early dUte is strongly urged in order to

establirh the degree of physIcaC rePet. - ,tion of the theoretical gains

described in this report. In tb-s ".y .1) ýffective design applications

can be formulated and (2) 'he experience gained can be brought to bear

on extensions of the concept.
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Three potential aerodynamics advances - thickness-drag cancellation,

laminarized supersonic boundary layer, and reduction of drag-due-to-lift

are brought to bear on a family of ring-body configurations representing,

by virtue of their very high lift-drag ratios, a possible breakthrough in

strategic veapon systems. Each of the three major features of this novel

"aerodynamics concept has been treated in the literature previously vith

vai.ying degrees of completeness. All three are brought together here to

achieve this potential breakthrough In strategic veapon systems. The

folloving is a summry of the capabilities which could be realized from

specific applications of this concept:

o Circumnavigation of the warth with all-supersonic, anzefueled,

chemical-energy strategic bombers is Indicated to be a possibility

for the striking force of the uLd-sixties. This is prWticated

on the 19%8 state-of-the-art in propulsion and structures and on

successful verification of the aerodynamics concept described

bereiu.

o A ,Mch-2# sea-level, lwg-range strategic missile of the veight

and general alse of the SK-6ft Snark could be developed to

operate over a N000 a ml rna o Fc the ereasonble flight

profile of high-altitude supersonic cruise an sea-level super-

sonic dase to the targets the rance could be extended or the

asio of the missile could be redued. 2M state-fof-the-art

equierenets for such a missile an essentiall tbose at th

a&W vlm.•t'onwl mumd boater and are tberefore mepenmt %I•

realts~tton of this _ _o_ ._ pt in sursonie aerdmms.

SECP fET
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o Maoh-3 air-to-surface missiles having the approximste vwrhead and

guidance veights of current ASK' s and a rane (from airborne

launch) of 500 to 1800 n mi could be developed for launching

veights (including boosters) of 4600 to 6W)0 lb. With a varbead

of tvice the veight of that in the ASK nad for the same distances

to target, the launching veighte for a similar goup of missiles

vould be about 8200 to 11,700 lb. The prelimtiary estimates for

then ASK's employ only tvo (thickness-drag cuinellation and

reduction of drag-due-to-lift by body camber) of the major fea-

tures of this aerodynamics concept,

0 A MIch-2 supersonic transport of the general size and weight of

the Intercontinental DC-8 could be designed with almost 2-1/2 time

the 5f800 n al maximum range of this airplanes if all three major

factors vere used. Using only two of the major factors, laminarise

supersonic boundary laer and thicknss-&rag cancellation, a 10

per cent Increase over the DC-8 rans Is Indicated. %se rmages

are based on a fuel-to-prose-veight ratio of about 1/29 vhich Is

typical of persomwl tr xe!-t of current design.

SECRET
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I. ODUMION(
I It II~!~T

The as-yet unsatisfied distance requirement of mnned offensive

weapon system and the need for smaller, faster, cheaper, ead more effec-

tive systems, once the distance requiiremnt is met, invite the attention

of specialists in many fields, inc.uding stwwtures, propulsion, aero-

dynamics, and preliminary design. Of these specialists the aerodynamicist

is in an especially good position to influence the range capability of a

given weapon systin in a direct fashion, throu& improwvment of the ratio

of lift to drag (L/D).

With reservations about the over-simplification and the les than

universal applicability of the Bregust ranip equation,

S~1

R I Lln I init
a 5 [Ufinal]

a( L W-init~M~I., L)in fID l

let us note the direct proportionality of range to lft-dr*4 ratio and to

Hach mober, M. Iaqrovents in either or both terms that do not increase

specific fuel consmption, c, or increase the empty- to poes-veeiht ratio,

Wfiw p vwill directly imu•re ramp.
midt

lbe mxiin li ft-d& ratio is a ls atd aomiwment figre-€f-

merit that my be used to oburecteris the a-er-wo--s sto- -tho-et

at a itt-stofmted vehicle. For a oewmtlaiml visi-body-ty•e oaip-

atlas It is aetemice4 trm the relation

SECRET
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n1

U11

imhere

K n dreg-due-to-lift factor

5 7- A, Cf am

CDf ,Il %cr total-viwous-4ag coefficient., the
sumation of the cmponent drags

and

CDt CAOp

C• =. total-thicknese-drag coefficient, the
summation of the componen t drugs

In their order of introduction the areas used above are component - tte

area AV , selected over-all reference area Aref d cmpanent refer-
Comp

enwe area, A.... These expresslons sucoenetly present the general

problem areas for the aero•y-emicist and the desipew, both at ubom strive

to improve the attainable aximat lft-drag rsti•o for successive vehleoe

designs. The three coefficients that the aers ymioist seeks to reduce

are drag-due-to-lift factor, K, skin-friction coefficient, C •ad the

cmponent thickness-drag coefficients, CD

The particular class o configurations, ring-bofies, for Aidah thWs

m&alys 4 is performed (FiA1 . 1) %oes not necessaril represnt the

SECRET
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of all possible classes. It was used because it offered an opportunity

to reduce, in principle, all three of these coefficients simultaneously

and because the development of the aerodynamic theories involved was

available in the literature. (1,2) The present investigation is a logical

rh of the analytical development by the author(3) of the non-

lifting ring-body, vhich was first suggested by Ferri.(4)

The improvement in lift-drag-ratio values relative to those of con-

ventional wing-body configurations is effected principally through a

concept termed 'drag transformation and reductiorn.' This concept involves

the elimination of body and 'ving' thickness drag (at the cost of increased

'ving' vetted area) and the reduction of average skin-friction coefficient,

as a result of boundary-layer control, to maintain a laminar boundary

layer over various portions of the vetted surfaces. The rest of the

imrovement is due to the use of drag-due-to-lift factors which are

generally less tan the level of the values which are typical for opera-

tional supersonic aircraft. This is a consequence of minimizing the wave-

dra part of drag-due-to-lift.

SECRET
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II. ARODNAMIC MEOD AND RESULTS

The general class of configurations considered in the present

analysis Is teroed 'ring-body.' These configurations lie vithin the cir-

ausecribed double Hach cone defined by the length of the brdy and the Huch

anale associated vith the flight Moah nuber. Both complete-circular

ring-wings and half-circular ring-vings,, as shown in Fig 1,0 were

considered. Calculations were made for both the colete- and the half-

ring subelasses, using both axially symmtric and embered central bodies.

Tbe detailed derivation of the sthemtical relations and the geeral

substantiation of the calculations will be reported in subsequent research

woorands. For present purposes It is sufficient to observe that the

cholces between alternative schimes at each step were afe to appcte

the optimal design and to mintain the tractability of these relations to

mthuttical analysis.

As vs isuggested in the introdItion, the parasitic or non-liftlng

da'g is effectively reduced to a ainlman by eliminating the thickNes

drag (scmetims referre to as sero-lift ave dreg or pressure drag) and

ridwoing the friction (viscous) drag contribusion by Iminrrising the

bondary laer over the wtted msrfaces. fese are two of the foa-

tures In this mh coept. thlr4 festure, *ioh will be

.0 -Amed below, effects the lifting 4rM, vioh oc Nisee a vortex dtg

(similar to subsonic flow) and a vve dreg. m vwtea-drg contributim

Is Sillidmtely mmi sed by the &sown& spmwiae ladig = the ring• •lag.

TBis lod4wi vries a io mmt• a s the sem of tas msaw 0 ms e,

tro the horisontal, " shbows In Fi. .2 Iis 'orte g oaotributim Is

SECRET
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reduced, for a fc•ily of cylindrioal shells inscribed in a right circular

double Mach cone, as the cylinder radius is increased.

gC

tan/i -

These sin 0 type loadings ae constant along the cbhar ot the ring, as

illustrate4 by the sketc s of Fig. 2. The wv..drag contribution to

drag-duto.lift Is related to how wall the Idal elliptic loading along

the axis is -- •---i.te-÷ by projections of the abovw-desOribed loadings

along )bch Iplas.o This process of proje•tion Is 11iustrated in Me. 3.

In ganeral the proxImation of the projetion nt the real loading to the

ideal ellllvtc loading along the axis wmar= as the ring In aso outwar.

Tbe combined effect of the two contributions to 4aig-4&n-t-lift declines

to an asymptotlo valu associated with tvi-4mslonal flow. •ihi poem

conbinatiam t vortex and wa dr&M is referred to as 'basic' rift-boGy

dresg'&a-to-lift,

Uimer, the wewve-drg eontrIbution am be -- s to deeUis " the

ri Is msoed mato if toe local IadI de to body ebr *Ms to (md

subtr t ) the projected ladin tm the vim to tuf 0 e1,11

ladin allas the axis. Wtis Is the naimm mtributlm at mve dmg.

SECRET
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This minimsn contribution for wave drag conmbine vith the near-minima

contribution for vortex drag to approximate lower-boid(5)' values for

drag-dhue-to-lift. This combination of vortex aMd ve drag is referred

to a caobered.V rlng-body drag-due-to-lift and represents the third

festure of the aeralyjnmics concept.

fTere is, of course, an infinite number of extents of cmber betwen

the zero and the ideal oases described above.

The preceding descriptions of drag can be smin zed math eaUlly

by the relation

D D f ying + Dfbody + Dlift

D [(2 + 5) aft] Cf q + [c/a~LL 2C q,( 0)(L)qf, q,

where

5 a ratio of matted area at two ful -chord struts to one-half the

wing vtted area

R a ving ra4ius

0 a (rin) ving chor

Cf a averag skin-friction coefficient

q a dynamic pressure

a a body vatted area factor

L IM

d wave-drag coeftficlent

0 * vwarex-tr•A eeeffielent

SECRET
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For the half-ring-body configurations the cerptral-bodr croes-sectional

area distribution along the axis and the total body volume are determined

through an involved mathematical process which prm'eeds from the assumsd

loading on the ring. This point in mentioned here because it ntroduaes

a well-defined, formal constraint on the body volume and wing lift, hence

on the averag bulk density of the configuration and the operational

altitude. This constraint applies less formally to the camplete-ring-body

configurations. (This is similar to experience with conventional aircrs.af

Thus the equation above, which relates body vetted area and drag-duae-to-

lift and which wa derived for the half-ring configuration, is usd for

the cooplete-ring configuration and gives an accurate basis for comparism.

Specifically the volume-lift relation for these ring-bodies is

Volme - 0.•320 q

This volu of the central body is expected to be the only useful volum

of the configuration. The lift-drag relation given above can be used to

optimize the lift-drag ratio. Typical results of these rather Involved

lift-drag rato, optimizations are given by Fig. It, where is plotted

versus the ratio of ring chord to central-body length,, . n pt (a)

of Fig. 4 the pair of dashed-line curves bracket the results for beale

half-ring body configurations, with the indicated raves c interest of

skin-friction coefficient, 0.0003 :S Cf _ 0.SOOe at N I 1.5. The lover

limiting value is about half the value achieved in the first, lUited

supersonic experiments at laminarlsatin, enad the upper lIinting vaam is

typical of turbulent boundary layers at N 9 1.5. The pair at lAne

curves in part (a) give the sme type of information for the olexal

SECRET
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half-ring-body configurations. Similar remarks apply to part (b) of

Fig. 4 except that the design Mach number here is approximatelY 3, and

0.0003 < Cf I 0.0015. These curves also pertain to half-ring-body

configurations. The upper limiting value for M - 3 is lovered because of

the Mach-number effect on turbulent skin-friction coefficient. An exmple

of the maximum lift-drag ratio for the limiting value c . 0 Is indicated

on Fig. I4(b) to show that L is finite at the limit, For simplicity, theD

corresponding curves for complete-ring-body configurations are omitted,

since they are similar to those of Fig. 4 and their values are quite

uniformly about 10 per cent lover.

A very interesting and striking feature of these configurations my

be noted by comparing the I values of part (a) of Fig. 4 to those ofD

part (b) for the same value of c and Cf. The fact that the product of

Mach number and lift-drag ratio, 14 L , is essentially a constant means

that higher Mach numbers offer no inherent advantage or disadvantage to

vehicle range.

Concurrently vith the calculations of lift-drag ratio, the physical

characteristics of these configurations vere determined in a general

fashion. These included such properties as body-to-ring diaimter ratio,

body fineness ratio ( lenter)p body-frontal-area-to-ving-reference-ares

ratio,, surface vetted areas, and body volume, This informtion permitted

the preliminary configuration designs presented in the next section.

It ihould be notid that the L/D value for the basic hblf-ring

configuration declines as the limiting value c/j a 0 is approached. Weis
is a consequence of the sum of the decreasing vortex- and increasing wave-
drag-due-to-lift approaching the asymptotic value, while the zero-lift dreg
increases slowly. The net effect Is a dectline In L/D. In the case of the
complete-ring configuration, both the vortex- and wave-drag-due-to-lift
decrease at a moderate to rapid rate, while the zero-lift drag inereases
slowly. The net effect here is a rnpid rise in L/D.

SECRET
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III. APPLICATIONS

In this section realistic hardware applications of the performance

figures previously cited P7,'e described. The designs are of the 'back-of-

the-envelope' type, and the sizing has in most cases been set by the

vehicle selected for comparison.

It should be pointed out at this Juncture that while the details of

the theoretical external aerodynamics of the ring-body configurations can

be stated precisely and the associated geometries calculated exactly, the

practical engineering data for final comparison await the experimental

substantiation of the ccncept introduced in this report.

A. STRATEGIC LONG-RAWIE BOMBER

An important possible application of this aerodynamics concept is a

cambered balf-ring body with a design Mach number of about 3.0 and having

as a comparison vehicle an advanced design (6) scaled for a gross weight

of about 500,000 lb (Figs. 5 and 6). The configuration sketched in Fig. 6

has a body volume equal to the total displacement volume of the confi-

guration shown in Fig. 5. The average density (initial gross veight

divided by total volume) assumed for both configurations is 30 lb/ft.

Figures 5 and 6 are drawn to the same scale, so that general impressions

as to size can be readily obtained. The ring chord is about 6 per cent

of the body lerrth. As is usually the case with conventional airplanes,

definite altitudes are associated with the vehicles' maaimm lift-drag

ratio, gross veiGht (lift), and volume (density). For the vehicle in

Fig. 6 the product of Vach nursber and lift-drag ratio, N P IL, 597.5.

By omparison,, th-. canard configuration of Fig. 5 has an M & of about 15,

based on uncorrected vind-tunnel data. The latter value could be raised

SECRET
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to about 20 by reducing the average skin-friction coefficient by a factor

of about five, thus reducing Cf to the value of the ring-body configuration,

0.0003.

Figure 7 affords a brief pictorial comparison of the all-out range

capabilities of the Mach-2 canard-type aircraft with laminarized boundary

layer and a 25 per cent range increase end the circuumavigational strategic

bomber at M T 3. This range increase could be attributed to successful

application of an elementary lift-interference system. JP-fuels are as-

sumed to be used in both vehicles. The range of the ring-body configura-

tion is predicated upon 1958 state of the art in propulsion and structures

and the use of all three features of the aerodynamics concept. Also shown

as a utter of general interest is the order of mrsnitude of the M - 2 range

of the B-5A. The B-58A is sihown to be able to fly from Wheelus Air Force

Base, Tripolito Moscow. T[e t Super Canard' could fly from Turner Air Force

Base, Georgia, to Peking, China, and the 5W0,000 lb cambered ring-body could

circumnavigate the earth. The immensity of the strategic advantage mde

possible by such potential performance is clear.

B. STRATWIC WNI-RANGE MISSIIL

The second application liven here concerns a ring-body of the sam

veight (post-launch) and inmersed volume as the S4-62 SKARK, which is

shown in Fig. 8. A complete-ring-body configuration (Fig. 9) was selected

for convenience of calculation. To demonstrate the unprecedented capability

of an aU-supersonic, all-sea-level,, intercontinental mission it is neces-

sary to assume the use of borane fuels (rmjet operation). The design

sketched in Fig. 9 is not necessarily the optimum of the many possible

configurations for the aUl-supersonic sea-level nission at w - 2.2 0 o=-

ever, it W~ovides an indication of the vehicle coaflgua~tio ad a bsilsSECRET

-6. - -- a - - - & - -,-
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Wheeus Tripoli

Fig. 7-Maximum -supersonic -range capabilities: Super Canard

configuration at Mach 2D.; cambered half-ring-body strategic

bomber at Mach 362; and Convair B-58A at Mach 2.0

SECRET
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for a performenee estimate. Ranges of about 5000 n mii would be possible
for this vehicle with an M i of 22, a basic specific fuel consumption of

D

1.9 with borane fuels, and a fuel veieht which is two-thirds the gross

weight. Assuming for the moment that this confijuration could fly a con-

stant lift-drag ratio profile rather than a constant altitude, the Breguet

range equation would apply and the range would be approximately 8000 n mi.

These 5000 n mi range capabilities of the SNARK (using JP-fuel and flying

at high altitudes) and the complete-ring-body are illustrated in Fig. 10,

which shows the significant intercontinental capability of this supersonic

sea-level missile in a flight from Castle Air Force Base, California, to

Moscow. For practical applications a mixed-altitude mission would probably

be employed, but the order of magnitude of the range would be the same.

The equations for all-out range of these two different missions are:

Ra [ Mit - Wf inal] constant altitude
c miit. nmt.JI

W final.
c constant n constantfBngl

The state-of-the-art requirements for this configuratimn and its stated

performance are a '198-tyope' weight ratio, a fuil-consvqition value

bracketed by sea-level afterburning turbojet and raajet values with borae

fuels, and, in aerodynamics, thickness-drag cancellatIon and boundary-layer

lasinarisation to an average efTeettve skin-friction coefficiett of 0.0QOX.

Ce AIR-TO-SUIACE KESSIMZ

The third offense weapon application riggested to Illustrate this

aewodyamies concept is th air-to-surface missile. An fficiL•ent, taru

SECRET
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Fig. 10--Maximum-range capabilities: SM-62A SNARK at Mach 0.9
and intermnediate altitude; Complete-ring-body missile at Moth 2.2

and sea level; the some missile at Mach 2.2and intermediate altitude

,SECRE£T



-1SECRET

22

effective weapon of this type would significantly extend the useful life

of the present subsonic manned strategic bomber force. Shown in Fig. 11

are two half-ring-body configurations which bracket a family of mis~iles

designed for H - ranges of 500 to lO0 n mi at altitude (using JP-fuels).

The respective gross weights of the missiles are approximately 4600 to

68M lb (3200 to 4600 lb without boosters). The total of the payload and

guidance system allowances is essentially that of wurent ASH designs.

Some indication of the usefulness of the 1800 n mi veapon is given

by the pictorial representation of Fig. 12, which indicates that it vould

be possible to reach all SU targets from outside the 'goographic + 200 n mi'

perimeter vith ASM's launched from B-52's based in the ZI. Subject to the

date of availability of the ASH, this could be an important strategic

advantage. The indicated external stowage is consistent vith the rettive

dimensions of the B-52 and the ASN's.

The state-of-the-art requirements for this ASK application are arbi-

trarily quite conservative in veight ratio and ramjet fuel conswqytion

(3•.0); and no skin-friction coefficient reduction is required below the

nominal 0.0015 of turbulent boundary layers at 1 a 3. . owever, thickness-

drag cancellation and body camber are essential features.
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D. SUPRSONIC TRANSPORT

The final application illustrated here is that of a supersonic trans-

port of the general size of the Douglas DC-3, Boeing 707, or 0-135.

Figure 13 shows a three-view sketch of the DC-8. The nominal reference

weight used is 300,000 lb, and the average density is about 15 lb/ft 3,

which is typical of personnel transports. A Mach-2.2 cambered-half-ring-

body transport of this density is found to have an M L factor of about 93;D

hence, its range would be 246 per cent of the 5800 n mi maximum range of

the 'intercontinental,' Much-0.81 DC-8, or about 14,300 n mi. This range

is achieved through the use of all three features of the aerodynamics

concept, the DC-8 weight ratio, and the rather high specific fuel consump-

tion value of 2.5 for afterburning turbojets. The general appearance of

the airplane would be similar to that of the strategic bomber in Fig. 6.

The relatively small ring-ving of this transport airplane, with chord-

length ratio c- 6 per cent, has a projected ving-planform area, sv = 2 Re,

that results in the relatively high wing loading (ratio of take-off gross

weight to ving-planform area) of 225 lb/ft2.

To indicate the flexibility of the aerodynamics concept to particular

problems of the designer, a related transport airplane (Fig. 14) was

designed to have a low ,-ng loading. Omitting the body-cembr feature of

the concept leads to appreciably different optima configurations and

lessened aerodynanic performance as well "s reduced wing loading. The

Mach-2.2 basic half-ring-body transport shorn In Fig. 14 has a wing loading

of Only 55 lb/ft (versus 104 Lb/ft2 for the Dc-8) based on projected wing

planforn area. The chord-length ratio of the ving Is 27 per cent. The

factor of about 42 for this configuration corresponds to a naim= rag

of about 6500 n 9 , which ii 12 per cent paester then that oC the . - 8 .
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Figure 15 swumarizes the range capabilities of the DC-8, the basic

half-ring-transport and the cambered half-ring transport. From a coon

take-off point at Westover Air Force Base, Massachusetts, the DC-8 vith

a Mach-0.81 range of 580 n mi could reach Dmhran, the basic half-ring

transport vith a Nach-2.2. range of 6500 n 3± could reach Karachi, and the

Mach-2.2 cambered half-ring transport could almost reach Madagascar and

return to Weetover.
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IV. DRAG AON AND RMUMIOK:
CLOWT STATM3 ANID SJG~DR

The three major features of the concept of drag tr'naformt'i and

redulction-1thickness-drag cancellatLion, laminarized supersonic boundary

layer, and reduction of drag-due-to-lift--are discussed below with rusplot

to current theoretical or experimental status and reqared experimental

research. Such research is needed at an early date to permit an over-aL

evaluation and design application of this aseas concept. The po-

tential performance gains in vehicle applications are so great (assiming

full verification of the concept) that early and intensive research is

vital&

A. TMICU SM-DRAG CANCELIATION

The thickness-.irag cancellation part of the concept is supported

Indiretly by experiment. 'The successful experimental verifications of

the 'Transonic Area Rul,(T, 8 ) and of the 'supersonic Area Ruie(9'1°) I

the low supersonic Mach number rane indicate that the "84s(U) drag

method (evaluation of drag at a distant control surface where + ari -

pressure perturbations can canel each other), which vs used In tbis con-

cept, is substantiatad in the experimental reala. Th Internal e04hression

iniets(12) as considered recently for the design of engine nacelles have

been shomn experimentally to have high total pressure ratios (therefore

low energy losses) in deceleration of the flow fros Nwh 3 to mch 0.5 in

the free stream at the engine cospressor face. The losses g0molstel with

much more limited decelerations of, sau, Maoh 3 in the free streaw 4oi

to Hach 2 within the ring woul be wery smUi, since the inlet's smal-

shock and boundazy-layer-separtIon losses are not relevant to th"i eemept.

SECRET



S5S E C S ER T
k-30-58
32

It is sugasted that Initially a basic complete-ring-body model vith low

chord-length ratio anm vith provision for elementary boundary-layer

suction* be fabricated and wind-tunnel-tested at Mach 3 to establish

smeciflcally,, for the general class of configurations of interest here,

the principle of thickness-drag cancellation.

B. SUPOURSO11C LAI.WARZU DCUIIARY LAYER

There is only one relevant existing experimental effort in the field

of supersonic boundary-layer control. Pfenninger(13'11l) has had sood

success in his first attmpts at maintaining a l'ain'r bounde..y layer an

a wing model at supersonic speeds in the Daingerfield vind tunnel at

4 - 2.2 and 2.8. Etective skin-friction coefficients (allowing for the

equivalent drag of pumping power as ell as th moent defect In the

boundary-layer wke) of 0.00056 and 0.00059 vere obtained at these respec-

tive Mach numbers and at a ving-chord Reynolds number of 12.7 x 106.

These results s i parallel, even to the aroimate nuerical

values, the initial success of the subsonic tests(li) Vith the special glove

fitted to the wing of an -•94 airplane. At the upper limit oa vAn-chord

Reynolds numbers (about 3 x 106) attainable with that airplwn, values

less than Cf - 0.0003 have been reached at s c Mach nu .rs. The

perforance results stated in the body of this report vare based upon this

Cf - 0.0003 level at supersonic Moc number. Mw inital suersoni tests

reveal an i1provement by a factor of about three from the turbalet boIndar

The provision for boundary layer auction in this model Is to Insure
that the virtual surfaces of the model in a viscous flow (air) can be mde
substantially those vhich vere asssmd for the potential flow. dhis is
essential to this experiment, vhich is designed to check a potential flow
concept.
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layer skin-friction coefficient of roughly 0.0018. A further halving,

as was accomplished by subsonic research, is needed to attain the ranges

quoted in the text.

It is concluded that the supersonic-lainar-boundary-layer rcZearch

program should be pursued with all practical speed and effort. In effect

this means immediate and substantial renewed funding of experimental

supersonic-boundary-layer research. The experimental part of this program

should proceed to complete-configuration ring-body model tests.

It is further concluded that application studies, based upon these

experimrntal boundary-layer data, with their nuirous implications for

the configurations, shoC.d be conducted concurrently with the research

voagraa. There is a substantial need for coming to gripe with the appli-

cations of this second major feature of the aerodynmics concept.

C, REDUCTION CY IAG-DUE-TO-LIlT

Theoretical investiptions of reduction in drag-due-to-lift through

interference-generated over-pressure fields have been reported by Rossow(1 6 )

munl quite extensively by Feri. (17) However, the work which Is are directly

applicable to the present thesis involves approximating the desired elliptic

load projection on the body axis to minimnie vwve-drag-dus-to-llft. A

combination of this minlimm drag with uinin vortex drag permits an

approach to Jonss'(5) lover bound of drag-dus-to-llft. -te particular

device suggested here for iproving the ove-rsll, proj~eted, longitudinal

loading of the ring + body has been investigated directlyt but In a

limited way, for the purpose of niasiisig airplane trim drag In the pitch

direction, Body caber wse used in a conventional wing-body model(18)
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vhich was tested as a part of a basic wind-tunnel research program, and it

van also used in the design and testing of the Northrop T-38 supersonic

trainer. Hovever, the most impressive example of the efficiency of im-

proving the longitudinal load projection is a delta-wing-body wind-tunnel

model(19) designed to minimize supersonic pitching moment at M = 1.2.

Fortuitously. the loading is such that the projection along the VAch plane

for M = 1.2 is a reasonable approximation to an elliptic loading along the

axis. In consonance vith the previous discussion of vave drag-due-to-lift,

these tests did show a substantial improvement at M - 1.2 in the curve of

lift-drag ratio versus Mach number for this configuration. It appears to

be an anomaly of the sort vhich sometimes occurred In research before the

Transonic Area Rule vas formulated. (An example vould be the occurrence

of an 'unreasonably' low transonic thickness dyi from a free-flight drop

model.(20) In the design field one could cite the larger T-33 vith a

maximm speed greater than that of the parent F-80, and ft Wgher-than.

generally-anticipated drag-divergence ):h numbers of the YB-5i and B-520)

It is suggested that theoretical research on the means of effectively

utilizing body cember for the ring-body monftgurstlons be Instated, and

that the results be checked vith a 'sorileticated' riag-body mdel vhich

also Incorporates the other two major features.
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V., COKCWSIOKS

The magnitude of the range extension made possible by application

of the concept of drag trmasfowrtion and reduction to strategic wapon

systems of a ring-body configuration indicates strongly that the follow-

in& measures be Implemented:

o That a basic complete-,ing-body model ivth low chord-length

ratio snd vith provision for elementary boundary-la4er control

be fabricated And vind-tunnel-tested at Hach 3 to establish the

principle of thickness-drag cancellation.

o That supersonic-l ainar-boundary-layer research,, includin appli.

cation studies, be pxrsued vith all practical speed and effort.

o That theoretical research on means of effectiveky utilizing body

eaber for ring-body configurations be begun, and that these

reaults be checked vith a ring-body model vhich incorporates

thickness-drag cancellation and maea of producing a supersonic

lmInuirzed boundary laer.
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